Abstract
90 "C, the time of application of the pulses has been 90 minutes. It has been found that the current pulses influence resistances of the bondr, amplitude of the pulses has not influenced changes of the resistances substantiaIly. UnliRe the examination of current-induced degradation with DC current of higher density on properties of the joints published elsewhere [IJ, the increase of normalized resisfance with the time of application of the current pulses has not been found so explicit. It has also been found thaf changes of resistances depend on the number of oppliedpulses.
INTRODUC~ON
Examination of electrically conductive adhesives is mostly focused on their testing in different types of climates or at increased temperame [2, 4-61, However, investigation of their properties after application of very short current pulses could also be interesting, because of their influence on microcontacts among conductive particles of a filler. Properties of these microcontacts influence total elecmcal parameters of adhesive joints.
The aim of this experiment has been to investigate non-thermal influence of current pulses on the adhesive joints. Therefore it has been necessary to avoid substantial increase of temperature of the joints caused by the pulses. Therefore energy, which has been fed by these pulses to the joints, has been chosen very low.
The pulses of oblong form have been chosen for this test. It is possible that the shape of the pulses can also influence types or magnilude of changes, which can be induced in the joint, but the results of OUT experiment have shown that the influence of the pulses is not as significant as, e.g., influence of increased temperature. Maybe that by repetition our of experiments with another shape of the current pulses a small differences in results would be found, but it is no reason to assume that the differences would be significant.
Influence of the current pulses in combination with increased temperature has also been examined. The joints have been powered by the pulses at the increased temperature and results of these experiments have been compared with the results obtained from the experiments, whkn the joints have been powered by the pulses at the normal temperature.
This investigation could be very interesting for producers, which use electrically conductive adhesives in for montage of components of power electronics. The processes, induced by short current pulses of high power, can influence the properties of the joints and their reliability. When amplitude of the pulse would be lA, its width 10 ps, and the frequency of pulses LOO Hz, then energy, which will cause increase of temperature of adhesive by 1 K, will be supported after 500 s. However, real increase of the temperature will be lower, because adhesive is located between a pad and a contact of the component. Therefore heat is leaded away and adhesive joint is cooled.
For detail investigation of temperature conditions in adhesive bond would by necessary a deeper analysis based on simulation, e.g. by the finite elements method. On the other hand rough estimation of temperature conditions makes estimation of frequency and amplitude of the pulses for pulse loading of the bonds also possible. On the basis of this estimation a generator has been designed and realized.
The generator consists of a control and a power part. The control part is based on the circuit 555 and Amepox Microelectronics Ltd. Curing of adhesives has been carried out at the normal atmosphere accordmg to the recommendation of a producer. Before the start of the test the resistances of the joints and resistors have been measured to obtain initial values.
Generator of the current pulses
Calculation of amplitude and width of the pulses has been carried out with respect to the maximum accepted increase of temperature of the adhesive joints caused bv tbe Dulses. Fig. 1 . The output terminals for connection of the specimen are marked OUT. The shape of a current pulse is shown in Fig. 2 A slight increase of temperature in the interior of the adhesive due to Joule-heating cannot be avoided while applying the current. However, this increase should be too small to cause a significant change of the joint resistance.
MEASUREMENT OF THE RESISTANCE, MEASURED VALUES
LCR meter HP 4284A in four-point connection has been used for measurement of the resitance (Fig. 4) . 34 1 Fig. 4 Fig. 5 -Fig. 8 Fig. 6 Changes of the resistance of the joints of adhesive ELPOX SCE 515 after application of the current pulses with amplitude of SA and IOA at the temperature of 90 "C ECOSOLDERAX65MN lCl'a=uA.
I Fig. 7 Changes of the resistance of the joints of adhesive ECO SOLDER AX 6SMN after application of the current pulses with amplitude of SA and 10A at the temperature of 90 ' C ECO SOLDER AX 65MN lo E Fig. 8 Changes of the resistance of the joints P adhesive ECO SOLDER AX 65MN aller application of the current pulses with amplihlde of SA and 10A at the tempemture of 90 "C.
CONCLUSIONS
With respect to the very small contact areas among flakes of a filer, it is very difficult to estimate current density, which .will occur here during application of the pulses. It is usually assumed that particle-particlecontact current density is ten thousand times higher than the mean current density flowing through the joint.
It is presumed that an effective force F& acts on the metal ion resulting in a drift velocity v of that particle:
Where 
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Due to the backward force, which is caused by mechanical stress, the atoms are prevented from moving and therefore they do not move at the low current densities [3].
The mobility of the ions p can be described by the formula:
Where DO .._ frequency factor, Q ... activation energy, kB . .. Boltzman factor, T ._. absolute temperature. The value of Q for silver is 0.83 -0.93 eV.
Because resistance of the adhesive is a macroscopic quantity, it is necessary to describe a resistance change by an equation:
Where RI, ___ the initial resistance, AR ... the resistance change within the time interval Af, E, ___ the overall activation energy, C ___ constant, n .__ exponent with the value 2 -5.j-_.. equilibrium current density.
It has been found (instead one case) that application of the current pulses has led to increase of the resistance. This conclusion is in accordance with the conclusions presented in [I] , where influence of high DC current has been investigated. The pulses have been applied 90 min, what is a region, where maximum changes can be found. Unlike measurements carried out by the DC current of higher current density has not caused application of pulses of higher amplitude higher change of the resistance. The reason of this difference could be following: the loading using DC current of high intensity has caused increase of temperature of specimens and degradation of resin, which is always joined with increase of resistance caused by creation of a thin insulating (mostly oxide) layer on surface of conductive particles. Application of the pulses of such the total power, which will not cause heating global increasing of temperature of the adhesive, or will cause very low increase of the temperahue only, will influence the properties only by diffusion of ions. However, the situation is not so simple, because also these pulses will cause high increase of temperature of microcontacts and can this way induce changes of resin in near sunounding of the microcontact and influence its conductivity.
It has been also presented that after application of DC current on electrically conductive adhesive immobile clusters of nano particles inside the resin has been found. These clusters are created of atoms coming from the surfaces of flakes, it is assumed that the surface is 0.9 mz.g-'. Mobility of these atoms is expressed by the equation (2). The atoms have to diffuse throughout the resin and are catched on inhomogenities. Unfortunately no difksivity data are known for the epoxy resin as for polyimide [7] , but it is assumed that the time of substantial changes will be in a time scale of 100 hours. Therefore loading of the specimens for 90 minutes could probably start forming of clusters but the clusters will not be formed after this short time.
The experiments, which have been carried out are the starting experiments in the field. Therefore it will he necessary to extend the number of types of adhesives under.test as well as number of methods for their analysis, including such as TEM and EDAX. This way better understanding of processes caused in electrically conductive adhesives by current pulses will be possible.
